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/ABSTRACT

The National Lung Screening Trial (NLST) has sparked new in-
terestinthe adoption of lung cancer screening using low-dose
computed tomography (LDCT). If adopted at a national level,
LDCT screening may prevent approximately 18,000 lung can-
cer deaths per year, potentially constituting a high-value pub-
lic health intervention. Before incorporating LDCT screening
into practice, health care institutions need to consider the
risks associated with LDCT screening and the impact of LDCT
screening on health care costs, as well as other remaining ar-
eas of uncertainty, including the unknown cost-effectiveness
of LDCT screening. This article will review the benefits and
risks of LDCT screening in light of the results of the NLST and
other randomized trials, it will discuss the additional health
care costs associated with LDCT screening from the perspec-

tive of health care payers, and it will examine the published
cost-effectiveness analyses of LDCT screening. A subsequent
discussion highlights guideline recommendations for imple-
mentation strategies, the goals of which are to ensure that
those eligible for LDCT screening derive the benefits while mini-
mizing the risks of screening and avoiding an unnecessary escala-
tion in screening-related costs. The article concludes by
endorsing the use of LDCT screening in institutions capable of re-
sponsible implementation of screening in both medical and eco-
nomic terms. The key elements of responsible implementation
include the development of standardized screening practices,
careful selection of screening candidates, and the creation of pro-
spective registries that will mitigate current areas of uncertainty
regarding LDCT screening. The Oncologist 2013;18:941-946

Implications for Practice: The National Lung Screening Trial (NLST) has fueled new interest in lung cancer screening by demon-
strating a 20% reduction in lung cancer mortality with the use of low-dose computed tomography (LDCT). If adopted a national
level, LDCT screening could avoid over 18,000 premature deaths per year, but several areas of uncertainty exist regarding the
benefits and harms of screening at the community at large. This article seeks to inform clinicians about the current evidence sup-
porting LDCT screening and provides a framework for efficient implementation of lung cancer screening programs. The authors
review the benefits and harms of LDCT screening based on the results of the NLST and other studies, highlight current areas of
uncertainty, and critically appraise studies of health care costs and cost-effectiveness of screening. A set of recommendations
ensues to endorse screening practices that avoid unnecessary harms and costs while assuring that eligible patients derive the

benefits of screening.

INTRODUCTION

The rationale for lung cancer screeningis straightforward. The
disease represents a common and serious public health prob-
lem, with more than 226,000 estimated new cases and
160,000 deaths in the United States in 2012 [1]. When de-
tected at earlier stages, lung cancer is often curable by sur-
gery, and 5-year overall survival can be as high as 70% [2]. In
most cases, lung cancer presents at an advanced stage when
detected by symptoms, carrying a poor prognosis that is re-
flected by a 5-year overall survival of <5% [1]. Screening can
potentially decrease the high mortality rate associated with
lung cancer by detecting the disease at its earlier stages in
asymptomatic high-risk individuals, thereby enabling those

individuals to undergo potentially curative surgery [3, 4]. De-
spite thiscompelling rationale, the enthusiasm for lung cancer
screening has been tempered by several older observational
studies and randomized trials that failed to demonstrate a
clear benefit of screening [5-10]. Multiple sources of bias in
observational studies prevent an accurate interpretation of
results, including lead time, length of time, overdiagnosis, and
healthyvolunteer biases[3, 11, 12]. In addition, screening mo-
dalities evaluated in earlier randomized studies consisted of
chest x-rays with or without sputum cytology, and this screen-
ing methods proved to have no effect on lung cancer mortality
[13-16]. These disappointing results generated much skepti-
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cismabouttherole of lung cancer screening, and any potential
benefits of this practice remained unrealized until the release
ofthe National Lung Screening Trial (NLST) results[17]. Thisar-
ticle briefly reviews the benefits and harms of lung cancer
screening with low-dose computed tomography (LDCT) in
light of the NLST findings, discusses the economicimplications
of adopting LDCT screening programs at a national level, and
considers potential strategies for efficient implementation of
lung cancer screening programs.

The NLST: Study Design and Efficacy Results

The NLST enrolled high-risk asymptomatic individuals, de-
fined as those of age 55 to 74 years who had a smoking history
of 30 pack-years or more and who were either current smok-
ers or former smokers who had quit within 15 years prior to
enrollment. From August 2002 through April 2004, 53,454 in-
dividuals were randomly assigned to annual LDCT screening
scans versus chest x-rays for three consecutive years, after
which they underwent follow-up. After a median follow-up of
6.5 years, the study showed a statistically significant relative
reduction of 20% and 6.7% in lung cancer and overall mortal-
ity, respectively. For each lung cancer death avoided, 320 indi-
viduals underwent LDCT screening. In the LDCT arm, 57% of
screening-detected lung cancer cases had TNM stages | or Il
compared with 39% in the chest x-ray arm, supporting the hy-
pothesis that LDCT screening reduces mortality by detecting
lung canceratearlier stages. Lung canceraccounted for 24% of
deaths in the trial. After excluding these deaths, LDCT screen-
ing resulted in a nonsignificant 3.2% reduction in overall mor-
tality, suggesting that screening findings unrelated to lung
cancer (e.g., interstitial lung disease) did not contribute to the
overall mortality benefit of LDCT screening.

LDCT Screening: Efficacy Results From Other
Randomized Trials

At least eight randomized trials have compared the impact of
annual LDCT screeningversus usual care (no screening, five tri-
als) or chest x-rays (three trials, including NLST) on lung cancer
and overall mortality [18]. Other than the NLST, only the De-
tection and Screening of Early Lung Cancer by Novel Imaging
Technology and Molecular Essays (DANTE) and the Danish
Lung Cancer Screening Trial (DLCST) studies have reported ef-
ficacy results, and these trials found no statistically significant
difference in cancer-specific or overall mortality between
LDCT screening and usual care, respectively [19, 20]. The re-
maining five trials are either actively accruing patients or wait-
ing completion of follow-up. Both the DANTE and DLCST trials
had a much smaller patient sample size (n = 2,472 and n =
4,104, respectively) than the NLST (n = 53,454) and included
patients with less exposure totobaccothanthethoseincluded
in the NLST study (minimum smoking history of 20 pack-years
for both DANTE and DLCST vs. 30 pack-years for NLST). These
differences raise questions about whether the DANTE and
DLCST studies were underpowered to detect differences in
cancer-specific and overall mortality of the magnitude seenin
the NLST study and whether the inclusion of patients at lower
risk for lung cancer in the DANTE and DLCST trials diluted any
potential benefits of LDCT screening for higher-risk patients. It
is hoped that the results of the other ongoing trials will consol-
idate the evidence about the effectiveness of LDCT screening.
Until those results become available, the only solid evidence
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of benefit exists for patients who meet the inclusion criteria of
the NLST.

Risks of LDCT Screening

False Positive Results

Based on a systematic review of 8 randomized trialsand 13 co-
hort studies, it appears that approximately 20% of the LDCT
scans performed during each screening round detect suspi-
cious noncalcified lung nodules or other findings that require
further workup for a possible diagnosis of lung cancer [18].
More than 90% of these screening findings are benign and
constitute false positive screeningresults. The risks associated
with false positive results include the inconvenience and mor-
bidity of confirmatory imaging tests and invasive procedures
(i.e., lung biopsies or surgeries) in addition to the emotional
stress related to a possible diagnosis of lung cancer. In the
NLST, the burden of follow-up tests was considerable for pa-
tients who had a positive result after each LDCT screening
round: on average, 50% of these patients underwent a fol-
low-up CT scan, 8% had a positron emission tomography (PET)
or PET-CT scan, and approximately 10% underwent an inva-
sive procedure, including percutaneous biopsy, bronchos-
copy, or surgery [17]. Few studies have evaluated the impact
of LDCT screening results on health-related quality of life do-
mains, including emotional stress. The Dutch-Belgian Ran-
domized Lung Cancer Screening (NELSON) trial reported an
increaseinlung cancer-specific distressin patients who had an
indeterminate result (i.e., a finding that required a follow-up
CT) at two months after the initial LDCT screening compared
with patients who had no screening or who had a negative
screening result. This difference disappeared at two years,
suggesting that a positive screening result can lead to short-
term emotional distress thatis reversible over time [21]. Addi-
tional studies and longer follow-up times are necessary to
determine the impact of LDCT screening on mental and phys-
ical quality of life domains. Also of concernis how primary care
providers will respond to the additional workup required by
the detection of suspicious findings that will ultimately prove
to be benign in most cases.

Overdiagnosis

LDCT screening can potentially detect tumors that otherwise
would not cause symptoms or result in death over the pa-
tient’s lifetime, a phenomenon known as overdiagnosis. The
actual rate of overdiagnosis remains unclear for LDCT screen-
ing. In the LDCT arm of the NLST, the incidence of lung cancer
was 13% higher than in the chest x-ray arm, suggesting an
overdiagnosis rate of 10%—15%. The lead time associated with
LDCT screening could have accounted, at least in part, for the
difference in incidence seen in the NLST, resulting in an over-
estimated rate of overdiagnosis. Because all patients diag-
nosed with lung cancer receive treatment, no prospective
studies of LDCT screening are available to determine the nat-
ural history of screening-detected, untreated lung cancers,
which ultimately would inform the rate of overdiagnosis. An
approximate estimate of overdiagnosis rate, based on lead
time or tumor doubling times, is possible through complex
mathematical modeling studies and is an area of active inves-
tigation [22, 23]. Despite its unknown frequency, overdiagno-
sis remains a concern for institutions offering LDCT screening
programs, given the risks of medical complications and costs
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Table 1. Examples of areas of uncertainty regarding the use of LDCT screening

Areas of Uncertainty

® How long should eligible individuals receive serial annual LDCT screening?

® Do the benefits of screening apply to individuals who do not meet the NLST inclusion criteria?

® Will community practices reproduce the performance of screening reported in the NLST with respect to true and false positive rates?

® What is the impact of false positive results on quality of life and health care resource utilization in community practices?

® What is the rate of overdiagnosis with screening (i.e., screening-detected lung cancers that would not have caused symptoms or

death if untreated)?

® Will patients be willing to undergo screening, and will their primary physicians order screening?

® How will providers and health care systems handle the management of screening-related findings, including small pulmonary
nodules and unanticipated results (e.g., aortic aneurysms, coronary calcifications)?

® |s LDCT screening cost-effective?

Abbreviations: LDCT, low-dose computed tomography; NLST, National Lung Screening Trial.

associated with unnecessary surgeries in overdiagnosed
cases.

Medical Complications

The NLST is the only study that has reported on the incidence
of medical complications associated with LDCT screening. The
totalincidence of complications was 1.4%in the LDCT arm and
1.6% in the chest x-ray arm. All complications resulted from
the subsequent workup of suspicious screening findings
and/or surgery for lung cancer. Major complications, as de-
fined by the NLST (e.g., hemothorax, lung collapse), occurred
infrequently after LDCT screening. Major complications oc-
curredin 0.06% of LDCT screening results that were suspicious
but ultimately benign (false positive). Of the LDCT screening
scans that detected lung cancer, 11.2% were associated with
major complications, the majority of which occurred after
lung cancer surgery [17, 18].

Deaths resulting from complications of screening were
very rare in the NLST. In the LDCT screening arm, 16 patients
died within 60 days after an invasive diagnostic procedure. Of
these 16,10 had lung cancer and may have died of their cancer
or from surgical complications. Because procedure-related
deaths are unlikely to have occurred beyond the 60-day win-
dow, these results suggest a very low likelihood of dying as a
result of medical complications from screening.

Radiation Exposure

Arecent systematic review estimates that LDCT screening will
cause one cancer death from radiation exposure per 2,500
persons screened, based on risk models from atomic bomb-
ings and medical imaging studies [18, 24, 25]. In the NLST
study, LDCT screening resulted in one lung cancer death
avoided per 320 persons screened, showing that the benefits
of screening outweigh the risks from radiation exposure by
eightfold. Despite this apparently favorable risk-benefit ratio,
additional long-term follow-up data are necessary to inform
the actual risk of radiation-induced cancers in patients who
underwent the three LDCT screening rounds in the NLST.

THE PosT-NLST ERrA: EcoNnoMic IMPLICATIONS OF LDCT
SCREENING PROGRAMS

The NLST has left many unanswered questions that deserve
consideration before widespread implementation of LDCT
screening occurs. Some of these are listed in Table 1 [26-29].
Anoverarchingissue, and one that will be fundamentally influ-
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enced by these areas of uncertainty, is the economicimpact of
widespread LDCT screening. Estimating the economic burden
and cost-effectiveness of screening will be critical so that eligi-
ble individuals derive the benefit of screening and health care
systems can allocate resources for this intervention efficiently
and judiciously.

Health Care Costs of LDCT Screening

One economic evaluation estimated that $4.4 billion in U.S.
health care costs would be added by an LDCT screening pro-
gram for a population of 18 million individuals ages 50 to 64
years with a minimum smoking history of 30 pack-years [24].
The study did notreporttheamount ofthe reimbursement fee
(or price) for an LDCT scan used to estimate the costs of
screening, modeled costs forindividuals who were on average
younger than the NLST population, and it assumed a larger
number of candidates for screening than the estimated na-
tional number of individuals who meet the NLST selection cri-
teria. Given these limitations, this cost study may have
overestimated the national health care costs associated with
LDCT screening.

Our group developed a budget impact model to project
the annual costs of adopting LDCT screening at the national
level from the perspective of public and commercial health
care payers. The model was informed by the resource utiliza-
tiondatareportedinthe NLST and estimated the number ofel-
igible screening candidatesin the United States based on NLST
selection criteria, data from the National Health Interview
Survey, and data from a recently published mathematical
modelstudy[30, 31]. Foran estimated 8 million screening can-
didates, LDCT screening will add $2.2 to $3.3 billion in annual
national health care costs to attain adherence rates of 50% to
75%, respectively, at a unit price of $300 per LDCT scan [25,
32]. These adherence rates allow a more realistic estima-
tion of the costs of LDCT screening as they reflect the cur-
rent adherence for colorectal and breast cancer screening,
respectively.

The results of both economic models suggest that, if ad-
opted at a national level, LDCT screening may add substan-
tially to national health care costs. According to our model, the
national costs of LDCT screening programs will largely depend
on the number of individuals screened and the adherence
rate. If, for example, all individuals in the United States in the
age range included in the NLST (55-74 years) underwent
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screening, irrespective of their smoking history, the annual
national costs of screening would increase sharply to $19.1 bil-
lion, but many of these individuals would be at a much lower
risk for lung cancer and would not benefit from screening.
These economic projections indicate that candidates for
screening will need to be selected carefully to avoid an unnec-
essary escalation in health care costs.

Despite being potentially costly, LDCT screening may offer
high societal value as a public health intervention. Assuming
that 320 individuals need to undergo screening to avoid one
lung cancer death, a national LDCT screening program would
save more than 18,000 lives annually, at an average cost of
$170,500 per life saved (2012 U.S. dollars).

Cost-Effectiveness of LDCT Screening

Six published studies estimated the cost-effectiveness of LDCT
screening versus no screening for high-risk individuals in the
United States [24, 33-37]. All analyses reported standard in-
cremental cost-effectiveness ratios as their primary metric of
cost-effectiveness.

Multiple methodological differences and limitations apply
to these studies, making the interpretation of their results dif-
ficult. All of these cost-effectiveness analyses used data from
observational studies to estimate the effectiveness of LDCT
screening, and therefore are subject to several types of biases,
including selection, lead time, length time, and overdiagnosis.
In addition, the populationsincluded in the cost-effectiveness
analyses were heterogeneous with regard to key criteria used
to define screening eligibility, including age and smoking his-
tories. This heterogeneity also prevents an accurate compari-
son of the cost-effectiveness ratios reported across the
studies. Finally, most of the studies did not account for the
costs of false positive results, including follow-up PET-CT scans
and lung biopsies, nor did they account for the impact of over-
diagnosis on cost, which could have resulted in overly optimis-
tic cost-effectiveness ratios.

Aside from the methodological limitations of these stud-
ies, the cost-effectiveness ratios of LDCT screening reported
by these analyses varied substantially, from approximately
$4,000 per life-year gained to more than $250,000 per quality-
adjusted life-year gained (all costs are adjusted for U.S. 2012
dollars) [36, 37]. This wide range of reported cost-effective-
ness ratios precludes any conclusion about whether LDCT
screening is cost-effective.

McMahon et al. explored the plausible hypothesis that
LDCT screening could be cost-effective if screeningis used asa
“teachable moment” to encourage smoking cessation [37]. In
sensitivity analysis, the authors assumed that screening
would double smoking cessation rates from 3% to 6%. In this
scenario, LDCT screening was cost-effective, with incremental
cost-effectiveness ratios of approximately $50,000 and
$90,000 per quality-adjusted life-year for women and men,
respectively. Although preliminary, this analysis suggests that
a smoking cessation effect would substantially improve the
cost-effectiveness of LDCT screening, warranting further stud-
iesontherole of screening as a “teachable moment” for smok-
ing cessation and the integration of smoking cessation
interventions into LDCT screening programs.

A cost-effectiveness analysis based on NLST data is cur-
rently underway. Itis hoped that the results of this analysis will
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High-Risk Patients Presenting to Primary Care Providers

Community
primary-

. care clinic
Community

primary-
care clinic Referral

Community
primary-
care clinic

Referral

Referral

Screening Referral Center
- Standardized practices .

- Integrated, multidisciplinary
approach to screened patients.

- Inclusion of patients into

prospective screening registries.

Continuous data assessment and refining of standardized practices based on:

- Test performance (true and false positive rates).
Resource utilization (i.e., follow-up tests and procedures).
Algorithms for referrals after a positive test result.
Screening costs; cost-effectiveness of additional interventions (e.g.,
smoking cessation programs).
Medical complications from screening; impact on quality of life.
- Adherence to screening guidelines; patient and physician acceptance.

Figurel. Proposed modelforinitialimplementation of lungcan-
cer screening with low-dose computed tomography.

provide a conclusive answer about whether LDCT screening
offers good value for the money spent.

INITIAL IMPLEMENTATION OF LDCT SCREENING PROGRAMS
Because LDCT screening can add substantially to health care
costsand because the cost-effectiveness of screening remains
unknown, health care systems need to develop responsible
strategies for screening implementation to ensure that eligi-
ble candidates derive the benefits of screening while avoiding
any potential harm and unnecessary cost of screening. Pub-
lished guidelines recommend several elements of an imple-
mentation plan that encourage rational use of health care
resources related to screening, as discussed below [18, 26,
38-41].

The main element of a responsible implementation planis
the use of integrated and standardized screening practices at
the hospital level with the goal of promoting efficient use of
health care resources related to screening. Medical centers
offering LDCT screening will need to assemble a multidisci-
plinary team comprised of specialists who are familiar with
the potential benefits and harms of screening, including radi-
ologists, pulmonologists, thoracic surgeons, and medical and
radiation oncologists [38 —40]. This multidisciplinary team will
be in charge of developing standardized protocols forimaging
acquisition, LDCT scan reports, and diagnostic algorithms for
subsequent testsand procedures following each LDCT screen-
ing result. Multiple guidelines are available to assist screening
centers in designing their own algorithms for evaluation of
newly detected lung nodules, including the Fleischner Society
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and the National Comprehensive Cancer Network guidelines
for lung cancer screening (Fig. 1) [39, 41]. Adherence to stan-
dard practices and diagnostic algorithms will minimize the use
of unnecessary tests and procedures while ensuring timely in-
stitution of therapies for screening detected cancers, thereby
improving patient outcomes and avoiding escalation in costs.

Another important aspect of program implementation
will be the appropriate selection of high-risk individuals for
screening. Until new studies show whether the benefits of
screening apply to broader populations, we recommend that
programs limit the use of LDCT screening to those individuals
who meet the NLST eligibility criteria. This will minimize the
burden of screening on patients, including the anxiety related
to test results and the use of confirmatory imaging tests and
biopsies in those with false-positive results, and will avoid un-
necessary escalation of health care costs. Many primary care
physicians may not be fully aware of the selection criteria for
screening and may refer patients for screening [28, 42].
Screening centers should bear the responsibility of carefully
determining high-risk individuals who will most likely benefit
from screening. Those who would not benefit from screening
should be referred back to their primary providers, who
should be educated about eligibility criteria and how to refer
appropriate candidates. Screening centers can facilitate this
referral process by creating telephone hotlines that inform
patients and providers about screening eligibility or by devel-
oping electronic referral orders that help determine whether
anindividual is eligible.

The third important element of the implementation
model relates to data collection and continuous assessment
(Fig. 1). We suggest that screening centers create prospective
longitudinal registries that capture patient-level information
as they undergo serial screening scans over years. Longitudi-
nal registries represent an excellent opportunity to address
current gaps in knowledge about lung cancer screening. For
example, registries could track true and false positive rates of
screening to confirm the validity of LDCT screening in routine
practice outside clinicaltrials. In most cases, a false positive re-
sult will consist of a stable pulmonary nodule followed over at
least 2 years, highlighting the importance of data collection at
multiple time points [17, 43]. Other relevant information that
registries should obtain includes data about health care re-
source utilization and information about patient quality of life
aftera positive screeningresult, using standard health-related
quality of life instruments [44]. These data would help address
the uncertainty about the health care costs of screening;
would serve as a platform for future cost-effectiveness analy-
sis of screening-related interventions, including referral to
smoking-cessation programs; and would help us understand
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EpITOR’s NOTE: For another perspective on LDCT screening, see the commentary, “Screening for Lung Cancer With Low-

Dose Computed Tomography,” by Anthony Miller, on pages 897—899 of this issue.
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